The electronic structure, energy band structure, total density of states (DOS) and electronic density of perovskite SrTiO 3 in the cubic phase are calculated by the using full potential-linearized augmented plane wave (FP-LAPW) method in the framework density functional theory (DFT) with the generalized gradient approximation (GGA) by WIEN2k package. The calculated band structure shows a direct band gap of 2.5 eV at the Γ point in the Brillouin zone.The total DOS is compared with experimental x-ray photoemission spectra. From the DOS analysis, as well as charge-density studies, I have conclude that the bonding between Sr and TiO 2 is mainly ionic and that the TiO 2 entities bond covalently.The calculated band structure and density of state of SrTiO 3 are in good agreement with theoretical and experimental results.
Introduction
Ferroelectric and related materials having chemical formula ABO 3 have been the subject of extensive investigation, both because of their technical importance and because of the fundamental interest in the physics of their phase transitions [1] . Within this family of materials, one finds transitions to a wide variety of low-symmetry phases, ranging from non-polar antiferrodistortive to polar ferroelectric and antiferroelectric transitions.The ideal structure is cubic perovskite,where the A and B cations are arranged on a simple cubic lattice and the O ions lie on the face centers nearest the (typically transition metal) B cations.Thus the B cations are at the center of O octahedral, while the A cations lie at larger twelvefold-coordinated sites. This ideal structure displays a wide variety of structural instabilities in the various materials. These may involve rotations and distortions of the O octahedra as well as displacements of the cations from their ideal sites. The interplay of these instabilities accounts for the rich variety of ferroelectric and antiferroelectric behaviours. SrTiO 3 in this class has been the subject of ongoing theoretical and experimental studies because of its unusual dielectric property which deviates from those of other ABO 3 perovskites. While it has the simple cubic structure at high temperature, SrTiO 3 goes through an AFD transition at 105 K to a tetragonal phase in which the oxygen octahedra have rotated by a smal angle along the c-axis in opposite senses in neighbouring unit cells. These titanates have recently attracted the attention of many researchers because some titanates are practically used as ferroelectric, electroconductive, photorefractive and photovoltaic materials. It is well known that these applications are based on electrical and optical properties of the materials, and the properties result from their electronic structures. Therefore, an understanding of the electronic structure of the materials is fairly important to improve the electrical or optical functions for their new applications. Investigations have been carried out to study the structural [2] , dielectric [3] , optical [4, 5] and elastic [6] properties, and the infrared [7, 8] as well as electron paramagnetic resonance [9] spectra of SrTiO 3 . Although various properties [10] [11] [12] [13] [14] [15] of SrTiO 3 have been investigated, a systematic theoretical study of the optical properties based upon first-principles band structure calculations is still lacking. In the present study, the electronic structure, density of state and electronic density of SrTiO 3 in the paraelectric phase are calculated by the FP-LAPW method with the DFT in GGA [16, 17] Recently, king-Smith and Vanderbilt performed a systematic study of structural and dynamical properties and energy surfaces for eight common perovskites, using the first-principles ultrasoft-pseudopotential method and the density approximation (LDA) [18, 19] . Finally, the calculated results are compared with available experimental data 5, 20] . [
The Calculation Method
The paraelectric phase of SrTiO 3 has the ideal cubic pm3m perovskite structure, in which the oxygen octahedron contain a Ti atom at its center. The calculations have been performed considering the origin of the cell to be at the Sr site, Ti at the body-center (0.5,0.5,0.5)a and the three O atoms at the three face centres (0.5,0.5,0.0)a, (0.0,0.5,0.5)a and (0.5,0.0,0.5)a. The lattice constant is 7.38a.u, taken from the experimental results of Wyckoff [21] . Figure 1(a) shows the unit cell and Figure 1(b) the Brilluoin zone of SrTiO 3 for this structure.
The electronic structure, band structure, DOS and electronic density in cubic crystal SrTiO 3 are studied using the Wien2k package [22] . This employs the FP-LAPW method in the framework of the DFT with the GGA for solving the kohn-Sham equation [16, 17] . In this method no shape approximation on either potential or the electronic charge density is made. In this method valence and core states origin energy have been separate, and -6 Ry energy bound separated between valence electrons and core states was chosen. The convergence parameter Rk max , which controls the size of the basis sets in these calculations, was set to 7.0. I used meshes which represent 400 k points in the first Brillouin zone Integrations in reciprocal space Ire performed using the special points method. I used meshes which represent 400 k-points in the first BZ. This corresponds to 20 special k-points in the irreducible idge for the cubic structure.
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Results

Electronic Structure
For calculating the lattic constant theoritically, the basestate energy of SrTiO 3 is calculated for different volumes around balance valume of each case and partial changees around balance valume and method given. In this program, energy changes in valume are given by mornagone state equation.The total energy as a function of the volume for SrTiO 3 is shown in Figure 2 . Then, by given mornagone equation in different approximations lattice constant, bulk modulue, condensation, base-state energy of crystall and are calculated with LDA and GGA.
The results are compared with other experimental and theoretical datas shown in Table 1 . Electronic structure shows in Figure 2 was calculated by using the lattice constant 7.38 a.u., taken from the experimental results of Wyckoff [21] . The distances between the nearest atoms are shown in Table 2 for cubic SrTiO 3 . These lengths for experimental and theoretical results, are equal, and do not depend on the exchange correlation potentials. The effective charges on the three Sr, Ti and O atoms are shown in Table 3 and are very close to the value of the ionic charge.
Band Structure
The crystal structure of SrTiO 3 in the paraelectric phase has been studied experimentally using various techniques [3] [4] [5] 8, 19, 23] . This provides us with the structural parameters needed in our work and also the basis for comparison of the final results. Here in we calculations my used 400 k-points. The value for the convergence parameter taken to be, Rk max = 7. This is a parameter in the package that its right choice determines the stability and convergence of the calculations. The value of the parameter Rk max controls the size of the basis sets in these calculations. The value of Rk max for the systems studied, was chosen to be 7. Integrations in reciprocal space Ire performed using the special points method. I used kmeshes 7 7 7   which represent 400 k-points in the first BZ. This corresponds to 20 special k-points in the rreducible Idge for the cubic structure. The calculated i electronic band structure of the cubic phase of SrTiO 3 in the high symmetry directions in the Brillouin zone is shown in Figure 2 . In the Figure 1 find a large dispersion of the bands. Nine valence bands are derived from O 2p orbitals. These are separated by a direct gap 2.5 eV (at the Γ-point) from the transition metal d-derived conduction band. Figure 3 shows that the FP-LAPW method yielded an direct band gap of 2.5 eV which is lower the experimentally reported value of 3.2 eV for SrTiO 3 . The origin of this discrepancy may be the GGA. 3 shows direct band gap at the Γ point using the first-principles tight-binding linearized muffin-tin orbital (TB-LMTO) method (1.4 eV) lower than by the FP-LAPW method. The zero of the energy was set at the top of the valence band and the energy scale is in eV. The electronic structure in Figure 2 was calculated using the experimental lattice constant (a). Table 4 .
Density of States
The electron distribution in an energy spectrum is described by the density of states (DOS) and can be measured in photoemission experiments [24] . The total DOS spectrum of cubic SrTiO 3 is shown in Figure 4 , the valence and conduction band edges near the Fermi energy are quite sharp. This is consistent with the experimental Figure 4 shows the total density of states for the valence and conduction band .In this figure the zero of the energy scale (the top of the valence band) shows the position of the Fermi level. To obtain a measure of the contribution of different atomic states in the band structure and also their possible hybridizations I made a detailed study of the partial density of the states. The study of the partial density of states showed that the hybridization of Ti 3d and oxygen 2p and their contribution to the states on the valence and conduction band. There is, however, only a very weak hybridization of the Sr P state with the O 2p state in the valence band. The major contribution around the conduction band edge is from the Ti 3d states with a small component from the O 2p states. The partial density of states (PDOS) of the Sr, Ti, and O atoms are shown in Figure 5 . Where the low-energy peak at around -4 to -1 eV is a contribution mainly from the O 2p states with a small component from Ti p and Sr p orbitals. The valence states from -4.7 eV up to the Fermi energy are dominated by the O 2p states and strongly hybridized with the Ti 3d state. It should be pointed out that the PDOS spectrum in Figure 5 includes one Sr, one Ti atom, and three O atoms. Therefore the height of the O 2p DOS peak is much higher than that of the Ti 3d states.There exists a p-d hybridization as is evident from this figure.
A quick estimate suggest that there is only a very weak hybridization of the Sr p state with the O 2p state, but there is a very strong hybridization betIen Ti 3p and O 2p state in the valence band. This means that this system is not quite an ionic bond but it has rather a large covalency. There exists a p-d hybridization as is evident from this fiogure. The Ti 3d contribution is zero at the valence band maximum but rises with increasing binding energy. Conversely the O 2p contribution rises from zero at the conduction band minimum with increasing energy. This reflects the Ti 3d-O 2p covalency.
Electronic Charge Density
This is shown in Figure 6 for (110) The effective charge density of cubic SrTiO 3 was computed using the calculated electron wave function and density. The results are shown in Figure 6 . Figure 6(a) shows the charge density in a (110) plane through Ti, Sr, and O1 atoms. In addition to the electron charge density in real space for the (100) plane that passes through Ti and Sr atoms is shown in Figure 7 . The Ti-O bond, however has covalent character, this is quite apparent from the noticeable and TiO 2 is ionic while between the Ti and O is covalent.charge distribution at the middle of the Ti-O bond. The charge distributions in Figure 7 (a) are consistent with the reported results of reference [23] . The study of Figures 6 and 7 shows that there is the important hybridization between i 3d and O 2p which again emphasizes the large cova-T 
Conclusions
I have made a detailed investigation of the electronic structure, band structure and DOS of perovskite SrTiO 3 using the FP-LAPW method. The total DOS obtained from my first principles calculations are compared with experimental results [20] . It has been concluded that the top of the volence band is mainly composed of the O 2p orbitals in non-bonding states and the lower part of the VB is formed by bonding states between the Ti 3d and O 2p orbitals. The CB mainly consists of 3d, 4sand 4p states of Ti and 3d and 4s state of Sr. The calculations show that the fundamental gap of SrTiO 3 is direct at the Γ point. My calculated fundamental gap 2.5 eV is smaller than the experimentally reported value 3.2 eV, which the origin of this discrepancy may be the GGA .The chemical bonding of SrTiO 3 is also analyzed. The TiO 2 complex is bonded mainly by covalent bonds and the Sr and TiO 2 constituents are bonded mainly ionically. The calculated results compared with the experimental results.
